The objective of this study was to investigate prophylactic pelvic drainage and other factors that might be associated with anastomotic leakage after elective anterior resection of primary rectal cancer. Summary Background Data: Anastomotic leak after anterior resection for primary rectal cancer leads to significant postoperative morbidity and mortality. The role of pelvic drainage in the prevention of anastomotic leakage is controversial. Methods: We investigated 978 consecutive patients undergoing elective anterior resection for primary rectal cancer between February 1995 and December 1998 in a single institution. Use of a drain and type of drainage were at the surgeon's preference. Data were prospectively collected during hospitalization. Twenty-five independent tumor-, patient-, and treatment-related variables were analyzed. The dependent variable was clinical anastomotic leakage. A binary logistic regression analysis was used to assess the independent association of variables with the dependent variable. Results: The clinical anastomotic leakage rate was 2.8%. Independent risk factors for anastomotic leakage were use of an irrigationsuction drain (odds ratio ͓OR͔, 9.13; 95% confidence interval ͓CI͔, 1.16 -71.76), blood transfusion, poor colon preparation (OR, 2.58; 95% CI, 1.10 -5.88), and anastomotic level 5 cm or less from the anal verge (OR, 2.38; 95% CI, 1.03-5.46). Conclusions: Routine use of pelvic drainage is not justified and should be discouraged. In cases in which pelvic drainage is required such as in difficult operations or to prevent pelvic hematoma, pelvic drainage other than irrigation-suction should be considered. (Ann Surg 2005;241: 9 -13) From the Department of Surgery, Colorectal Section of Chang Gung Memorial Hospital, at *Linko, †Chai Yi, and ‡Kao-Hsiung, Taiwan.
C linical anastomotic leakage rate after anterior resection varies from 2.9% to 12.0%. [1] [2] [3] [4] [5] [6] Gingold et al 7 reported that pelvic suction-irrigation can reduce morbidity of low anterior resection of the rectum. Two small clinical trials 8, 9 suggest that prophylactic pelvic drainage does not improve outcomes such as anastomotic leakage and may even be harmful. Possible reasons for the persistence of this practice may be that surgeons are not convinced by the negative results from these 2 trials, which have relatively small sample sizes (N ϭ 30 and N ϭ 100, respectively). One metaanalysis of 4 randomized trials, 10 which included 414 patients, as well as our previous prospective study 11 of 2809 patients with colorectal cancer, further found that routine use of pelvic drains was not associated with a reduced leakage rate in colon and rectal anastomoses. Still, the issue is arguable because both studies included patients with colon cancer. To drain or not to drain after anterior resection for rectal cancer is still an open question for most surgeons. The rarity of the outcome of interest (anastomotic leakage) requires studies with a large sample size to exclude a true benefit should one exist. 12 Accordingly, the aim of this study was to assess the association between anastomotic leakage after elective anterior resection and prophylactic pelvic drainage in 978 consecutive patients with rectal cancer while taking a number of other risk factors into account.
METHODS

Patients
The Chang Gung Colorectal Surgical Outcome Program was a single-center, prospective study of risk-adjusted surgical outcomes. 11 All the patients undergoing surgery through laparotomy on the Colorectal Section of Chang Gung Memorial Hospital between February 1995 and December 1998 were admitted to this program. Among 2809 consecutive patients undergoing elective colectomy, 978 patients underwent anterior resection for primary rectal cancer (tumors with a lower edge within 15 cm of the anal verge measured using a rigid sigmoidoscope) were included for analysis. Patients with subtotal colectomy, total proctocolectomy, abdominoperineal resection, Hartmann's procedure, or with pull-through procedures were not included.
Detailed information regarding data collection, bowel preparation, and detection of postoperative morbidities have been described elsewhere. 11 In brief, patient-, surgical-, and treatment-related variables were prospectively collected and recorded by 5 surgical nurses on a prepared information sheet, then translated into a numeric code for computer-assisted analyses. Information regarding tumor-related variables was retrieved from the Colorectal Section Tumor Registry in Chang Gung Memorial Hospital, in which detailed information of tumor characteristics were prospectively collected.
Surgical Procedure
All patients were operated on by the same surgical team, which included 7 attending surgeons in the Colorectal Section. Preoperative bowel preparation was achieved by use of an oral laxative, oral antibiotics (nitroimidazole), and either a Fleet enema or tap water rectal irrigation. The type and choice of systemic antibiotic prophylaxis administered were left to the discretion of each surgeon. A midline abdominal incision was performed. The inferior mesenteric artery was ligated proximal to bifurcation of the left colic artery. The splenic flexure was mobilized in the majority of low anterior resections. Rectal dissection was carried out to the pelvic floor for the majority of mid and low rectal cancers. The adequacy of colon preparation (good: clear content or little liquid feces; poor: liquid, loose, or formed feces inside the lumen) was evaluated by the operator when the colon stump was opened. The rectum was cross-stapled with a TA55 or PI30 (USSC, Norwalk, CT) below the tumor and divided proximal to the staple line. The rectal stump was irrigated perianally with a povidone-iodine solution. Most anastomoses were straight and stapled using EEA (USSC) or ILS (Ethicon Endo-Surgery, Inc., Cincinnati, OH). A colonic J pouch was sometimes used. The doughnuts were always inspected for completeness. Air or water tightness was tested by transanal instillation of fluid or air for most anastomoses. A diverting transverse colostomy at the right upper quadrant of the abdomen was left to the choice of each surgeon, particularly if there were incomplete doughnuts, leakage on testing, or technical difficulties in performing anastomosis. The type of pelvic drainage used was at each surgeon's preference. Types of drainage used included an irrigationsuction sump drain, silastic drain (corrugated silicone Penrose drain), and Jackson-Pratt drain (silicone flat drain connecting to a vacuum ball). The suction-irrigation drain was composed of a silicone sump tube covered by a latex sheath. The flow of irrigation fluid (lactated Ringer's solution) was 60 mL per hour for 5 days postoperatively. The suction pressure was set at the 20 cm to 30 cm H 2 O. The daily volume returned was usually within 1600 mL in uncomplicated cases. Anastomoses 5 cm or less from the anal verge were designated as low and those more than 5 cm from the anal verge were designated as high. No patients had preoperative radiotherapy or chemotherapy.
Definition of Anastomotic Leakage
Clinical anastomotic leakage was considered to be present if any of the following were observed: gas or fecal discharge from the incisional wound, vagina, or the drain tract; fecal peritonitis; or intraabdominal abscess or peritonitis along with an anastomotic defect verified by image study, sigmoidoscopy, at laparotomy, or rectal examination. Pelvic abscess near the anastomotic site without an obvious fecal fistula was also classified as a clinical leakage.
Statistical Analysis
Twenty-five independent variables were analyzed: age, sex, American Society of Anesthesiologists (ASA) score (1 or 2-3), diabetes mellitus, hypertension, cardiovascular disease, preoperative anemia, hypoalbuminemia (albumin Ͻ3.5 g%), body weight loss, history of previous surgery, tumor size, TNM T or M tumor stage, 13 tumor morphology (polypoid or nonpolypoid), operator, length of operation, regimens of antibiotic administration (single or multiple dosage), diverting colostomy, type of anastomosis (sutured, single stapled, double stapled, and colonic J pouch), additional gastrointestinal or genitourinary operation (including segmental resection of small bowel, partial cystectomy, hysterectomy, partial excision of vagina, and pelvic exenteration), level of anastomosis (low or high), colon preparation (good or poor), intraoperative or postoperative blood transfusion (0, 1-3, 4 or more units), and use of pelvic drainage (no drain, sump, Jackson-Pratt ͓J-P͔, or silastic Penrose drain).
Statistical analysis was performed using SPSS software (version 10.0; SPSS Inc., Chicago, IL). The univariate relation between each independent factor and anastomotic leakage was tested using binary logistic regression and the odds ratio for each variable was determined. All means are expressed as Ϯ standard deviation. To test the independence of the risk factors for anastomotic leakage, the significant variables in the univariate analyses were included in a final model of logistic regression as well as potentially confounding variables such as age and surgeon. All results were presented as odds ratio (OR) and 95% confidence interval (CI).
RESULTS
Clinical anastomotic leakage occurred in 28 patients (2.8%). The leakage rate ranged from 0.6% to 5.7% for individual surgeons. The overall association between surgeon and anastomotic leakage showed a nonsignificant trend (P ϭ 0.11); but when using the surgeon with the lowest leak rate as a reference category, the surgeons with the highest leak rates showed a significantly increased incidence of anastomotic leakage with an odds ratio of 9.6. Table 1 lists the variables that were not significantly associated with anastomotic leakage by the univariate analysis. J pouch anastomosis had the highest leak rate among the types of anastomosis but the difference did not reach significance (J pouch ͓N ϭ 157͔, 5.4%; single stapling ͓34͔, 2.9%; double stapling ͓692͔, 2.4%; and suturing ͓67͔, 1.6%; P ϭ 0.185). The following variables were significantly associated with a greater anastomotic leakage rate: male gender, TNM M 1 tumor, hypoalbuminemia, poor colon preparation, low anastomotic level, concomitant genitourinary surgery, and use of drainage ( Table 2 ). The final model of logistic regression analysis ( Table 2 ) disclosed that pelvic irrigation-suction drainage was significantly and independently associated with anastomotic leakage. In contrast, good colon preparation was negatively associated with leakage. A dose-response association between blood transfusion and anastomotic leakage was observed both in the univariate and multivariate analyses. The association between anastomotic level and anastomotic leakage remained significant in the model. Male patients had a marginally significantly higher risk (OR, 2.59; 95% CI, 0.97-6.92) of anastomotic leakage than female patients. TNM M 1 tumor, preoperative hypoalbuminemia, and genitourinary surgery lost their significant association with anastomotic leakage in the final logistic regression model.
DISCUSSION
This study has confirmed that prophylactic pelvic drainage is not associated with a reduced leakage rate after anterior resection for primary rectal cancer. Our data further identified that pelvic irrigation-suction sump drainage is significantly associated with anastomotic leakage independent of surgeon, level of anastomosis, blood transfusion, and other risk factors.
The overall incidence of clinical anastomotic leakage in the present study was 2.8%, but the individual incidence varied among surgeons (from 0.6 -5.7%). Reported clinical leak rates after anterior resection have varied from 2.9% to 12.0%, 1-6,14 -17 depending on definition of anastomotic leakage, criteria of patient selection, and specialty of operating surgeons. 18 Anastomotic level, 1,15,19 -22 timing of operation, 23,24 obesity, 1 surgeon, 25 and nature of disease 22 should also be considered before a valid comparison of leakage rates can be made among studies. The relatively low leak rate found in the present study may be the result of the fact that all 7 of the surgeons specialize in colorectal surgery 25 (the average surgeon did 35 anterior resections per year) and all the operations were elective.
It has been generally assumed that drainage of a rectal anastomosis will help to evacuate residual effusions, and thus, hopefully, reduce the leak rate. 7, 26, 27 Allen-Mersh et al, 27 in a randomized study of 30 patients undergoing anterior resection of the rectum, found that even when sump drains were used in the pelvis, fluid collection persisted as late as 7 days postoperatively. This fluid collection tended to be larger when the anastomosis was done more distally. In another retrospective study, Hilsabeck 26 found a low rate of leakage among 88 patients undergoing rectal anastomosis with closed suction presacral space drainage. Gingold and Jagelman 7 reported only 4 subclinical leaks (6.8%) among 60 patients undergoing low anterior resection coupled with pelvic suction-irrigation. However, all patients had complementary transverse colostomy. Both studies are small and are reports of personal experience.
Recently, the benefit of pelvic drains has been challenged. First, it is proven that the pelvic fluid may communicate with the peritoneal cavity and not be captured by the drain. 9, 28 Second, abundant evidence from larger retrospective studies, 15 as well as from clinical trials, 2, 8, 9 suggests that use of a drain is not related to a reduced anastomotic leakage rate. From a consecutive series of 100 patients randomized to receive either no drain or a high pressure, closed suction drain, Sagar et al 9 concluded that pelvic (sump) drainage after rectal resection was not associated with clinical or radiologic anastomotic leakage. In a study of 1014 patients who underwent stapled anastomoses to the rectum or anal canal for 15 reported that use of pelvic drainage was a risk factor for clinical anastomotic leakage by univariate analysis, although the significance was lost in multivariate analysis. Third, prophylactic pelvic drainage after elective rectal anastomosis may not improve outcome or influence the severity of complications. 2 From a randomized study of 494 patients undergoing resection followed by rectal or anal anastomosis (248 with drainage using 2 multiperforated 14 F suction drains and 246 without drainage), Merad et al 2 concluded that prophylactic close suction drainage of the pelvic space does not improve outcomes in terms of anastomotic leakage, repeat operations for anastomotic leakage, or other intraabdominal and extraabdominal complications. Two studies on cervical or endometrial cancer also found that there was no advantage to the routine use of pelvic suction drainage after radical hysterectomy and pelvic lymphadenectomy. 29, 30 Fourth, early detection of anastomotic leakage by the use of a drain is not likely. Urbach et al, 10 in a metaanalysis of 4 randomized, controlled trials, which included a total of 414 patients with a colonic or rectal anastomosis, reported that of the 20 observed leaks occurred in a patient with a drain in place, only in 1 case (5%) did pus or enteric content appear in the effluent of the existing drain. Galandiuk et al, 8 from a prospective, randomized study of 200 consecutive patients undergoing rectal resection, concluded that irrigation-suction of the pelvis did not result in a reduction in the overall rate of local pelvic septic complications. Of interest, the results of 1 small prospective, randomized study by Allen-Mersh and coworkers 27 suggest that additional sump suction of the pelvis is no more effective in fluid removal than passive drainage alone. Taken together, these data question whether sump suction drainage offers advantages over passive drains. The current prospective data suggest that suction-irrigation drainage is an independent risk factor of anastomotic leakage after rectal anastomosis, whereas the other types of pelvic drainage (active or passive drains) are not significantly associated with this complication. It is possible that the latex sheath used to cover the sump tube contribute to the increased leak rate. Latex has been found to be more reactive and associated with a greater anastomotic leakage rate experimentally when compared with other materials such as silicone elastomer and Teflon. 31 The other potential disadvantages of irrigation-suction drainage include the disturbing noise of the suction machine and the lack of ambulation by hooking the patient to the suction machine. Taken together, these considerations lead us to conclude that irrigation-suction should be discouraged as a method for pelvic drainage after rectal anastomosis. As found by others, 1,15,19 -22 a low anastomosis was independently and significantly associated with a higher leak rate than was high anastomosis. Our data also support the finding of some studies 1, 16 (but not all) 32 that male gender tends to be associated with a greater leak rate. Our findings indicate that the rate of postoperative leakage is significantly higher in patients with poor colon preparation than in those with good preparation, which was evaluated by the surgeon during operation. One reason for this might be that the presence of liquid or formed feces inside the stump of the colon leads to a greater potential for fecal contamination near the site of anastomosis. As found by our previous study on colorectal resection, 11 the leak rate increased as the amount of blood transfused became greater.
In conclusion, we confirmed that pelvic drainage after rectal resection for primary rectal cancer is not associated with a reduced incidence of anastomotic leakage. Thus, routine use of pelvic drainage is not justified and should be discouraged. In cases in which pelvic drainage is required such as in a difficult operation or to prevent pelvic hematoma, pelvic drainage other than irrigation-suction should be considered.
